Humans' and non-human animals' ability to process time on the scale of milliseconds and seconds is essential for adaptive 17 behaviour. A central question of how brains keep track of time is how specific temporal information across different sensory 18 modalities is. In the present study, we show that encoding of temporal intervals in auditory and visual modalities are qualitatively 19 similar. Human participants were instructed to reproduce intervals in the range from 750 ms to 1500 ms marked by auditory or 20 visual stimuli. Our behavioural results suggest that, although participants were more accurate in reproducing intervals marked 21 by auditory stimuli, there was a strong correlation in performance between modalities. Using multivariate pattern analysis in 22 scalp EEG, we show that activity during late periods of the intervals was similar within and between modalities. Critically, we 23 show that a multivariate pattern classifier was able to accurately predict the elapsed interval, even when trained on an interval 24 marked by a stimulus of a different sensory modality. Taken together, our results suggest that, while there are differences in the 25 processing of intervals marked by auditory and visual stimuli, they also share a common neural representation. 26 The ability to estimate time is essential for humans and non-human animals to interact with their environment (Buhusi 29 and Meck, 2005; Mauk and Buonomano, 2004; Merchant et al., 2013a). Intervals in the range of hundreds of milliseconds to 30 seconds are critical for sensory and motor processing, learning, and cognition (Buhusi and Meck, 2005; Mauk and Buonomano, 31 2004; Merchant et al., 2013a). However, the mechanisms underlying temporal processing in this range are still largely discussed.
Introduction
. Temporal reproduction task. (A) Sequence of events during a trial. Each trial consisted of two equal empty intervals (between 750 ms and 1500 ms), marked by two stimuli. In auditory blocks, the interval was marked by two brief tones (1000 Hz, 100 ms), while in visual blocks the interval was marked by two flashes (0.5 degrees of visual angle, 100 ms). Participants were instructed to reproduce the interval at the end of each trial.
Similarly to previous studies (Cicchini et al., 2012; Jazayeri and Shadlen, 2010) , the total error in the reproduction task was 91 partitioned into two components: the average bias (BIAS) and the average variance (VAR). These two metrics are directly 92 related to the overall mean squared error (MSE). To calculate these components, sample intervals were first binned into six 93 equally sized bins and, for each bin, an estimate of both measures were calculated. The BIAS for each bin was calculated as 94 the average difference between the reproduced interval and the sample intervals. The VAR for each bin was calculated as the 95 variance of the difference between reproduced and real intervals. The final estimate of the BIAS was calculated as the root 96 mean square of the BIAS across bins and of the VAR as the average VAR across bins (Jazayeri and Shadlen, 2010) . For ease of 97 interpretation and comparison with previous studies, the VAR values were plotted using its square root √ VAR.
98
We further calculated a regression index (RI) to index the tendency of reproduced intervals to regress towards the mean 99 sample. This index was calculated as the difference in slope between the best linear fit on the reproduced interval and perfect 100 performance (Cicchini et al., 2012) . This measure varies from 0 (perfect performance) to 1 (complete regression to the 101 mean, after allowing for a constant bias). The same linear fit between real and reproduced intervals was used to calculate the 102 indifference points for both modalities. This point refers to the physical interval where durations are reproduced veridically.
103
To analyse the scalar property of time, we computed the slope of the generalised Weber function (García-Garibay et al., 104 2016; Getty, 1975; Ivry and Hazeltine, 1995) . A linear regression between the variance of the reproduced intervals and the 105 mean subjective duration squared was performed as follows:
where k is the slope that approximates the Weber fraction and σ 2 indep is a constant representing the time-independent Similarity between different trials and modalities 126 To calculate the similarity across trials we used a bootstrap approach. For each participant and comparison of interest, data 127 from all intervals that lasted at least 1.125 seconds were divided into two groups of trials and averaged across trials per group applied to the test data. On average, the number of components used was of 37.17 ± 1.43 (mean ± s.e.m., maximum number of 149 components=47, minimum number of components=17).
150
Decoding performance was summarised with Cohen's quadratic weighted kappa coefficient (Cohen, 1968) . The weighted 151 kappa gives more weight to disagreements for categories that are further apart. It assumes values from -1 to 1, with 1 indicating 152 perfect agreement between predicted and decoded label and 0 indicating chance (Cohen, 1968) .
153
Between modalities classification 154 The between modality decoding (training the classifier on data from one modality and testing on the other) followed a 155 similar structure as the within-modality decoding. Given that participants performed the first half of the experiment with one Similarly to our previous decoding analysis, activity from the last 125 ms of the elapsed interval (-125 ms to 0 relative to 160 S2) was used. For each test trial, a Naive Bayes classifier was trained on trials that were shorter (at least 25 ms and up to 125 161 ms shorter) and longer (at least 25 ms and up to 125 ms longer) than that the physical duration of that given test trial. This 162 classification was applied to all trials between 875 ms and 1375 ms, so that all trials had a similar number of training trials.
163
Based on this classification, trials were further classified into three categories: (S/S) when in both presentations (E1 and E2) 164 the trial was classified as shorter; (S/L or L/S) when in only one of the two presentations the trial was classified as longer and 165 (L/L) when in both presentation the trials were classified as longer.
166
To test whether classification might explain participants' performance, we first fitted, for each participant, a linear function 167 relating the physical interval and participants' reproduced interval. The residuals from this linear fit were stored and separated 168 as a function of the three decoding categories mentioned above. Notice that the linear fit on the behavioural results naturally 169 takes into account participants tendency to regress towards the mean. Thus, this analysis allows isolating if trials that were 170 encoded as shorter or longer were reproduced as shorter or longer than participants' average reproduction for that interval 171 duration. intervals was consistent shortly after its onset when of the same modality, and later when of different modalities. Finally, a 301 classifier based on multivariate activity across electrodes was able to decode temporal intervals within and between modalities 302 and was correlated with behavioural performance.
303
Our behavioural results are in agreement with the general finding that temporal acuity is better for auditory than for visual 304 intervals (Merchant et al., 2008b,a; van Wassenhove, 2009) . Differences in performance between sensory modalities have 305 usually been considered as evidence for distributed temporal processing. On the other hand, and also in agreement with previous 306 behavioural findings, we found a strong correlation in performance between modalities (Merchant et al., 2008b,a; Stauffer 
